Sewage sludge and treated wastewater when contaminated with enteric virus and discharged into the environment, could pose a human health risk. The aim of study was to verify the presence and viability of enteric viruses in sewage sludge and treated wastewater at a local sewage plant in Florianopolis city, Brazil. Sewage sludge was concentrated by organic flocculation and polyethylene glycol precipitation and wastewater by electronegative membrane filtration and ultrafiltration by Centriprep Concentrator. Adenovirus (AdV), hepatitis A virus (HAV), and Rotavirus (RV) were examined for all samples for 12 months and Poliovirus (PV) was also tested for in sewage sludge samples. AdV was the most prevalent in both kind of samples, followed by RV, PV (in sludge) and HAV. Viral viability by cell culture (ICC-PCR) was: AdV: 100%, HAV: 16.7%, PV: 91.7%, RV: 25% in sludge and AdV: 66.6%, HAV: 66.6% and RV: 0% in wastewater.
INTRODUCTION
Sludges derived from wastewater consist of organic matter that can be used for agricultural purposes as fertilizers.
However, they may contain numerous pathogenic microorganisms, mostly of fecal origin. The presence of bacteria, viruses and parasites in sewage sludge implies a potential health threat. The agricultural use, by spreading on the land, is the principal vehicle by which sludge is disposed of and can only be of lasting value if the sludge has undergone treatment by biological, chemical, thermal, or other suitable processes to diminish its capacity for fermentation and eliminate any health risk related to such use (Monpoeho et al. 2004) .
It has been previously reported several waterborne outbreaks associated with water even when it has met all bacteriological standards. Routine tests for bacterial indicators have proven to be inconsistent indicators of viral contamination (Chapron et al. 2000) .
PCR detection can be sensitive and specific. The efficiency of viral amplification from environmental samples by PCR is influenced by the ability to recover the virus from the environmental matrix and the purity of the recovered nucleic acid (Fong & Lipp 2005) .
Integrated cell culture-PCR (ICC-PCR) overcomes the individual disadvantages of cell culture and PCR. The use of cell culture helps to dilute out PCR inhibitors and provides an in vitro amplification system which increases the number of viruses differentiating between infectious and noninfectious virus (Reynolds 2004) . doi: 10.2166/wst.2010.845 Immunofluorescence staining is also a very useful test for the detection of viral replication in tissue culture and considered more reliable than the plaque assay. Using an immunofluorescence assay, virus infection can be detected even when the CPE is not present (Birch et al. 1983 ).
In the present study, an association of molecular methods, integrated cell culture-molecular methods and immunofluorescence was applied to detect human enteric viruses in sewage sludge and treated wastewater effluent from the sewage plant in Florianó polis, SC, Brazil, which uses activated sludge as a treatment process.
METHODS

Virus and cell cultures
HAV-cytophatic strain HAF 203, Human AdV 2 (AdV2) (genogroup C, serotype 2) and Human AdV 5 (AdV5) (genogroup C, serotype 5) were respectively propagated in a continuous line of fetal FRHK-4 cells (rhesus kidneyderived cells), A549 (carcinomic human alveolar basal epithelial cells) and Hep-2 cells (human larynx carcinoma).
Poliovirus type 2 (PV2) and Simian RV SA11 (group A, serotype G3) were respectively propagated in VERO cells (an established line of African green monkey kidney fibroblasts) and MA104 cells (a continuous line of fetal rhesus kidney cells). Cells were cultured in Eagle's minimal medium (MEM-Sigma), supplemented with 5% (v/v) fetal bovine serum (FBS) (Gibco-BRL), streptomycin (100 mg/ml), penicillin G (100 U/ml), and amphotericin (0.025 mg/ml) (Gibco-BRL). The Hep-2 cells had been kept in the same conditions cited above, however supplemented with 1%
For determination of virus titers, indirect immunofluorescense assay (IFA) was used for AdV2, RV and HAV viruses, as previously described with modifications (Barardi et al. 1999 ) and plaque assay was the method of choice for AdV5 and PV2 titer determination (Burlenson et al. 1992) .
The titer of the AdV2 was 6.4 £ 10 9 focus forming units (FFU)/ml, AdV5 was 7.0 £ 10 6 plaque forming units (PFU)/ml, HAV was 4.5 £ 10 5 FFU/ml, PV2 was 4.7 £ 10 5 PFU/ml and RV was 6.0 £ 10 6 FFU/ml.
Activated sludge and treated wastewater samples
A total of 24 samples-12 activated sludge sample and 12 treated wastewater effluent (treated wastewater means the water resulted from activated sludge process whose final treatment before its releasement to the ocean is chlorination)-were collected monthly over a period between June 2007 to May 2008 from the wastewater treatment plant. All samples (2 l of wastewater and 5.0 ml of sludge) were kept at 48C in sterile containers and processed within 24 h of collection.
Virus concentration method for activated sludge
The technique for virus elution from sludge samples was described by the Environmental Protection Agency (EPA 1992) and was previously modified by our group (Schlindwein et al. 2009 ). For virus concentration PEG 6,000 precipitation was employed as described by Lewis & Metcalf (1988) . The supernatant was discarded and the resulting pellet was suspended in 5.0 ml of 0.1 M phosphate buffer (pH 7.2).
Decontamination step using chloroform was performed as described by Mignotte et al. (1999) .
Nucleic acid extraction for activated sludge samples
For DNA/RNA extraction, 500 ml samples of processed sewage sludge were used as previously described by Schlindwein et al. (2009) . DNA was extracted from all AdV5 seeded samples using the phenol:chloroform:isoamyl alcohol method, according to Sambrook & Russell (2001) . The nucleic acids were suspended in 50 ml of sterile MilliQ water.
RNA was purified from the HAV, RV and PV2 seeded samples with Trizol w LS (Invitrogen Life Technologies) according to the manufacturer's instructions. The nucleic acids were suspended in 50 ml of sterile diethylpyrocarbonate (DEPC)-treated water. Purified nucleic acids were stored at 2 808C for the RT-PCR assays.
Virus concentration method for treated wastewater samples
Concentration of viruses in wastewater was performed by adsorption in an electronegative membrane and subsequent elution as described by Katayama et al. (2002) . Four hundred microliters of the water concentrate (2 ml) was further used for nucleic acid extraction.
Nucleic acid extraction for wastewater samples
Viral nucleic acids were extracted by the procedure described by Boom et al. (1990) . This procedure uses guanidinium thiocyanate and adsorption of the nucleic acids to silica particles.
PCR and nested PCR for AdV detection
AdV DNA was detected in samples by using the oligonucleotide primers pair hexAA 1885/hexAA 1913 and nexAA 1893/nexAA 1905 described by Allard et al. (1992) .
The expected size of the PCR product was 300 bp and 142 bp for nested PCR.
Reverse transcription (RT-PCR) or nested RT-PCR to detect HAV, PV and RV Conventional RT-PCR was performed using random and specific primers for reverse transcription and genome amplification. Random hexamers primers were purchased from Promega (Brazil) and were used for cDNA synthesis.
Briefly, a 5.0 ml aliquot of RNA was heated at 998C for 5 min, followed by quick chilling on ice for 2 min. The denatured RNA was added to a mixture containing random primer, 
Integrated cell culture PCR (ICC-PCR)
For the ICC-PCR assay, FRHK-4, A549, VERO and MA104 cells monolayers were prepared in 24-well microplates.
The sewage sludge samples, treated wastewater and the positive controls (viral suspensions) were diluted in maintenance medium. Inocula were then allowed to adsorb to previously PBS washed cell-layer during 90 min at 378C.
Non-adsorbed viruses were removed from cell monolayers by three times washing with PBS. After incubation as described above, plates were submitted to three cycles of freeze/thaw for cell lysis and virus releasing. The supernatant was recovered and 0.5 ml was used for viral genome isolation and PCR detection.
IFA assay for AdV detection in sewage sludge
The IFA assay was performed to confirm the ICC-PCR results for AdV5 according to Barardi et al. (1999) with minor modifications. This virus was selected due to its high stability in several environments and resistance to some disinfection treatments. (Table 1) .
Environmental samples, especially urban sludge, contain many organic and inorganic compounds (humic acids, polyphenols and heavy metals) that are toxic and might cause lysis in cell culture. These compounds are also responsible for forming complexes with nucleic acids and inhibit the enzyme amplification.
In order to ensure specificity of detection, eliminate any false-positive results, and increase the amplification signal, 
RV positivity in sludge and wastewater analyzed is in agreement with those obtained by Kittigul et al. (2005) which detected RV in 10 (25%) from 40 samples of sewage water analyzed.
HAV was detected in 25% of all analyzed samples.
Other reports of HAV incidence on environmental samples are already described by Formiga-Cruz et al. (2005) with 20% of positivity in sewage samples and Villar et al. (2007) with 32% in raw and treated sewage samples.
Samples positive for HAV or PV or RV were also positive for human AdV. This observation is in agreement with previous studies (Pina et al. 1998; Formiga-Cruz et al. 2005 ) and also suggests that the detection of RNA viruses was not inhibited by natural levels of adenoviruses in the sewage samples studied.
ICC-PCR
For sewage and wastewater the 1:2 was selected as a non cytotoxic dilution to be used in MA104, A549 and Vero cells when ICC-PCR and IFA assays were applied. For FRHK-4 cells the 1:2 dilution was also selected for wastewater and 1:16 for sewage.
ICC-PCR results are described in 
IFA for AdV quantification in sewage sludge
To confirm AdV viability showed by ICC-PCR, all sludge samples were tested by IFA, using A549 cells. This assay was also applied to quantify the virus particles in FFU/ml. As shown in Figure 1 , the number of virus particles ranged from 70 FFU/ml (April, 2008) to 300 FFU/ml (August, 2007 and February, 2008) .
Immunofluorescence staining is a very useful test for the detection of viral viability in cell culture and considered more reliable than the plaque assay (Birch et al. 1983) . Regulation laws in Brazil, recommend that maximum concentration of enteric viruses that can be found in lots of sewage sludge should be lower than 0.25 PFU or FFU/g of total solids. Based on this information, we can infer that all field samples analyzed Quantification of HAV RNA and AdV DNA by Taqman
RT-PCR
The results of quantification of viable viral genomes for quantitative RT -PCR PCR are shown in Table 3 and Figure 2 .
The results found in this study by real time PCR were similar to the previously reported by Carducci et al. (2008) that showed a constant presence of AdV in sewage samples.
Concerning HAV, it was observed that the number of genome copies/ml is markedly lower than that observed for AdV. These results corroborate with those obtained by Villar et al. (2007) where the number of genome copies/ml ranged from 1.7 £ 10 2 to 3.8 £ 10 2 in samples derived from treated sewage.
CONCLUSION
This study allowed us to attest the high prevalence of enteric viruses in treated activated sludges and treated wastewater effluent; the cell culture methods applied (ICC-PCR and IFA) had confirmed the infectivity potential of the tested viruses and also proved that the regular treatment process applied to sewage sludge and wastewater is not enough to inactivate enteric viruses.
